ABSTRACT (119 words)

23
Since 2003, dozens of giant viruses that infect amoebas (GVA), including mimiviruses 24 and marseilleviruses, have been discovered. These giants appear to be common in our 25
biosphere. From the onset, their presence and possible pathogenic role in humans have been 26 serendipitously observed or investigated using a broad range of technological approaches, 27 including culture, electron microscopy, serology and various techniques based on molecular 28 biology. The link between amoebal mimiviruses and pneumonia has been the most 29 documented, with findings that fulfill several of the criteria considered as proof of viral 30 disease causation. Regarding marseilleviruses, they have been mostly described in 31 asymptomatic persons, and in a lymph node adenitis. The presence and impact of GVA in 32 humans undoubtedly deserve further investigation in medicine. sibericum [14] , which represent new putative virus families [9] . All these GVA cultured in 58 amoebas display many unique characteristics that put them on the edge of the virus definition, 59
and warrant proposing their reclassification as representatives of a fourth 'TRUC' ( 
Serological-only evidence 133
Concomitantly with the initial attempts to identify the giant Mimivirus, serological 134 testing of sera from patients with unexplained pneumonia showed that the strongest 135 reactivities were against this amoeba-resisting microbe [40] . Subsequently, the prevalence of 136 antibodies to Mimivirus was assessed using microimmunofluorescence in several studies, in 137 most cases in pneumonia patients hospitalized in intensive care units (ICU) ( from the bronchoalveolar fluid of a 72-year-old woman [50] . The patient was admitted to the 172 hospital for a 3-day fever with cough, dyspnea and hemoptysis; chest X-ray revealed right 173 lower lobe consolidation and the white blood cell count was elevated. Concurrently, 174 antibodies to 9 LBA111 virus proteins were detected by 2D Western blotting. The second 175 case was a 17-year-old girl admitted for fever (40°C) and cough for 15 days, with lower left 176 lung opacity, diarrhea, and leukocytosis [52] . In this case, Shan virus was isolated from the 177 stool; no respiratory sample was available. In addition, another mimivirus, named 178
Lentillevirus, was isolated from the contact lens storage liquid of a keratitis patient [53] . 179
Interestingly, its Acanthamoeba host was isolated and revealed to be infected with two 180 amoeba-resisting bacteria and a virophage, Sputnik2. 181
Experimental evidence 182
Histopathological features of pneumonia, including thickened alveolar walls, 183 inflammatory infiltrates and diffuse alveolar damage were observed in an experimental mouse 184 model following intracardiac Mimivirus inoculation (Table 1) [54] . No other experiment 185 model of inoculation to animal has been conducted to date for another GVA. Such approach is 186 of strong interest but questions on the most appropriate inoculum and inoculation route. 187
Marseilleviruses 188
The first hint of the presence of a marseillevirus in humans was serendipitously 189 obtained during a metagenomic study that targeted bacterial sequences generated from the 190 stools of a healthy Senegalese young man, and consisted of sequences best matching 191
Marseillevirus among trashed metagenomic reads (Table 1) metagenomes generated from human serum [13] . 213
Metagenomic data 214
Metagenomics has emerged during the same period as GVA, representing a new 215 technological approach and powerful tool, although it may lack sensitivity and may allow 216 only detecting sequences best matching with GVA [20] . Nevertheless, causing diseases 217
Detection in human metagenomes of sequences related to GVA tends to be correlated with the 218 number of available genomes and time to their release. Mimivirus-like sequences have been 219 detected in metagenomes generated from human coprolites, stools of diarrheal patients and 220 healthy people, nasopharyngeal aspirates from patients with respiratory tract infections, 221 buccal mucosa, saliva and retroauricular crease from healthy people, vagina from healthy 222 women, and blood samples from healthy people or patients with liver diseases of various 223 etiologies (Table 1) The presence and impact of GVA and virophages in humans undoubtedly represent an 234 important field that deserves further investigation in medicine. Such investigations are 235 difficult. However, it has been increasingly demonstrated that GVA can be present in humans. 236
Evidence is particularly strong for mimiviruses and marseilleviruses, which were isolated 237 from human feces, bronchoalveolar fluid and blood. Regarding the potential pathogenic role 238 of these viruses in humans, the link between amoebal mimiviruses and pneumonia has been 239 the most documented, whereas marseilleviruses have mostly been described in asymptomatic 240 persons, and in an adenitis patient. Furthermore, for all these GVA, one must consider that 241 their tremendous gene repertoires confer on them a strong potential for interaction with other 242 organisms. It is also noteworthy that the closest relatives to faustoviruses are asfarviruses, 243 which cause a common and severe disease in pigs [13] . Regarding other megaviruses, they 244 include poxviruses, which are pathogenic in insects and mammals, including humans [66] , 245
and Acanthocystis turfacea chlorella virus, a phycodnavirus that was found in human 246 pharyngeal samples and tentatively associated with cognitive disorders [67] . Until recently, 247 the belief that all viruses are small entities probably limited the detection of GVA in humans. 248
As this paradigm has been crumbling for a decade, future research should clarify the 249 prevalence and consequence of their presence in humans. It appears particularly relevant to 250 continue searching for mimiviruses in respiratory samples and stools, and for marseilleviruses 251 in blood and in lymph nodes. Nevertheless, a broader panel of human samples from healthy 252
and sick people should be tested; for instance, urine samples might be studied. In addition, 253 investigations should involve a broad range of technological approaches, including serology, 254 immunohistochemistry, immunofluorescence, FISH, targeted and random nucleic acid 255 amplification, Sanger and next-generation sequencing, cytometry, microscopy, and high 256 throughput culture isolation. Particularly, metagenomes currently extensively generated from 257 human samples should be more exhaustively, thoroughly and recurrently screened for the 258 presence of sequences best matching these GVA. 
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